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【論文の内容の要旨】 
 In this thesis, a novel tapered push-pull nozzle system (TPPNS) was developed for 
preparing micro /nano wires of materials on glass or other substrate by using mutual 
diffusion of chemical reagents  followed by the reaction. Strictly aligned nanowire 
arrays could be generated by controlling the movement of the XY stage using software 
program. Importantly, the site of each nanowire could be precisely positioned by 
specifying the starting and ending positions. 
The first part is introduction. The importance and some applications of nanowires 
were introduced. After some traditional methods of preparing nanowires were 
summarized and the advantages and disadvantages of these methods were discussed. 
The problems which are being encountered in the application of nanowires fabricated by 
traditional method were also discussed. That is the disordered alignment of such 
nanowires greatly inhibits their further employment in device applications since the 
crosslinking/overlapping of nanowires commonly occurs, making them unacceptable for 
use in nano circuits or complex devices. Thus, the ability to align nanowires in a highly 
ordered direction and position represents an important and timely issue. Up to now, 
many scientists are focusing to the alignment of nanowires by external forces, such as 
surface-induced forces, electric field, magnetic fields or templates. However, these 
methods are very complicated and tedious. I introduced the dip-pen nanolithography 
(DPN) and gave some applications by it. However, the DPN could only pattern the 
nanoparticles on substrate surface but not in-situ reaction. Finally, we introduced the 
advantages of TPPNS and gave some possible applications by this method. 
In the second part, the principle and structure of TPPNS. The TPPNS consists of a 
reagent injection and aspiration system (IAS) was developed. The system consisted of 
closely attached tapered 3-capillary nozzle pen system (3-CNPS), an inverted 
microscope system (IMS) and an XY motion control system (MCS). During the process, 
the bottom end of the nozzle was set perpendicularly above the glass substrate while 
both were immersed in the surrounding medium. So there was a gap between them. 
When the gap was sufficiently small, a microfluidic space was produced, where 
turbulence was suppressed and the flow field was laminar. The fluid flowing from the 
nozzle forms a diffusion mixing region around the nozzle. The mesa inner diameter (r), 
the flow rates of both the injection (QI) and aspiration (QA) and the gap (G) could be 
properly adjusted. When QA was sufficiently larger than QI, the injection solution was 
hydro-dynamically deflected and focused into a micro nozzle by the concentric flow field 
and was then directed into the aspiration nozzle. After that, we validated the feasibility 
of fabricating nano wire at diffusion mixing region area of TPPNS by calculations and 
simulations. We used Péclet number to calculate the diffusion of two injection nozzles, 
and we found Péclet number increased with the decreasing of inner diameter of nozzle 
(r). This means that when r decreased, the diffusion also reduced. As a result, the 
diffusion mixing region area also reduced. And we used the Comsol Multiphysics 
software program to build a model and simulate the size of diffusion mixing region area 
under different nozzle inner diameters. The diffusion mixing region decreases with the 
square of the inner diameter of the nozzle and was inversely proportional, consistent 
with the Péclet numbers.  
In the third part, I used different inner diameter nozzle pen and made silver wire of 
which width are from 3000 nm to 85 nm. Straight silver nanowires with 30 μm length 
and 85 nm width were successfully fabricated on designated glass surface. Using the 
TPPNS, we also prepared nano silver three electrode device, and tested the cyclic 
voltammetry of potassium ferric cyanide. Besides, prepared inorganic CaCO3 
nanowires arrays and polymer p-HB: PSS nanowires arrays were successfully 
fabricated. 
In the fourth part, I designed and fabricated a SnO2 nanowire arrays as an 
ultrasensitive sensor for volatile organic compounds testing. Although there are many 
papers on testing of VOC gas published before, there are many issues needing to be 
solved. Firstly, the sensitivity is not sufficient because of the low conductivity of 
electrons in SnO2. This is because there are a lot of defects and breakpoints in SnO2 
nanowires devices. Secondly, SnO2 nanowire arrays mad by traditional solution method 
are disorganized and unordered. There are many nanowires that are not connected with 
each other. Our sensors made by TPPNS can solve these problems.  
In conclusion, I have developed a novel method for preparing nanowires of various 
kinds of materials by diffusion and mixing of reactive reagent solutions. By controlling 
the inner diameter of the nozzle, the flow rate for injection and aspiration, and the gap 
between the substrate and the nozzle, nanowires from micro to nano were successfully 
prepared. These results show that the diffusion mixing region influences the width of 
the resulting nanowires. Importantly, the site of each nanowire could be precisely 
positioned by means of a computer program, indicating an advance in available 
methodologies for designing nano devices. Finally I have designed and prepared a silver 
nano three electrode device and tested the cyclic voltammetry of potassium ferric 
cyanide. I believe that the TPPNS described here will be future nanotechnologies with 
great value in manufacturing functional nanodevices, nano circuit boards and 
nanosensors. 
